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陈毅峰1,3  解绶启1 
(1. ????????????, ?? 430072; 2. ????????????, ?? 350002;  
3. ???????????????, ??  430072) 
??: ???????????B1(AFB1)???????????(Carassius auratus gibelio)?? 56d, ??
??????[(122.3 ± 0.7) g]????????????????????????????? AFB1??
?????????? 5????, ???????? AFB1????? 0?5?20?50?500 μg/kg??(?
????? 2.59?4.12?12.39?46.23?454.07 μg/kg ??), ???? 3 ???????????????
???????????????, ???????? 100%???????????????????
(FR)??????(SGR)?????(FE)????????? AFB1?????????????(TC)???
???????(GPT)? ?????(GOT)??????(AKP)???????????????????
???(SOD)?????????????????????????????????????????
AFB1????? FDA ????????(5 μg/kg)?????? AFB1??????? AFB1??????
???? AFB1?50 μg/kg??????????? AFB1???????????????, ??????
????? AFB1??? 500 μg/kg??(???: 454.07 μg/kg??)56d? 
???: ????? B1; ????; ??; ???? 
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??????????????????, ?
? 1 ?????? 1 ??????(???)???
???????????????? B1(AFB1)??
???? B2 (AFB2)?????? G1 (AFG1)???
??? G2 (AFG2) [1]??? AFB1????, ???
? , ??????????? [2], ?????? [3], 
????????????[4]????? AFB1??
???????, ??????????????
???, ???????, ????? AFB1????
???El-Banna, et al.[5]???????(Oreochromis 
niloticus)???? 100 μg/kgAFB1??? 10W??
????????, ? 200 μg/kg ???????
16.7%?Schoenhard, et al. [6]????(Salmo gaird-
neri)?? 0.02 mg/kg AFB1??? 8M? 58%???
??Jantrarotai ? Lovell[7]????? , ????
(Ictalurus punctatus)? 2.15 mg/kg AFB1?????, 
10 mg/kg????? 24%, ?????? 
? AFB1??????????????, AFB1
??????????????, ???????
???????????El-Sayed, et al. [8]???
(Dicentrarchus labrax L.)??? 18 μg/kg AFB1??
42d ?????????????? 4.25 μg/kg? 
818 ? ? ? ? ? ? 36? 
 
Wu[9]??, ???? 3d???? 5000 μg/kg AFB1
?????????????? 2.2?3.8 μg/kg 
AFB1; ???? 50000 μg/kg AFB1??? 3d?, ?
???AFB1????? 7.6?27.6 μg/kg(9??), 7d
?????? 8.9?25.2 μg/kg???, ??????
???, ??? AFB1??, ??????????
???????, ??????????????
????FDA(2007)[10]???????? AFB1??
?????? 5 μg/kg? 20 μg/kg? 
????????????????, ???
?????????[11]????????????
???(AFB1<30 μg/kg)??????????, ?
????????????? AFB1 ??????
?? 239.97 μg/kg[12], ?????????? AFB1
??????????????????????
???, ??????? AFB1 ????????
??????????????????????
?, ?????????? AFB1 ???????
????????? 
1  ????? 
1.1  ???? 
????? 15?????????(58 cm×46 
cm×46 cm, ?????? 100 L)????????
???, ???? 12 L/h????????, ???
??????????????, ????? 19?
23℃; ?????????????, ?????
??? 6 mg/L??, ??? 0.4 mg/L??, pH?
6.8????? 12L/12D, ????? 9:00? 21:00? 
1.2  ????????? 
???? 5 ?????(38.01%???, 17.02 
kJ/g ??)?????, ??????????, ?
???????????????? 38%[13]???
????(? 1), ?? AFB1??? 5 ??????
???????????, ????????? 0?
5?20?50?500 μg/kg ?????, ??????
AFB1???????: 2.59?4.12?12.39?46.23?
454.07 μg/kg?????????????????
? AFB1 ????[7, 11, 14]???? AFB1 ????
sigma ?? , ????????????? 500 
μg/mL ???, ???????????????
????????? 40 ????, ??????   
5 mm?? 60℃?????????? 
1.3  ???????? 
????????????????????
?? 1????????????????? 2000 
 
表 1  实验基础饲料配方及化学组成(%干物质) 
Tab. 1  Diet formulation and chemical composition of experimental diets (% in dry matter) 
?? Ingredient ?? Content (%) 
???(??????)Red fish meal (Fulong company, Wuhan) 57.00 
???? Corn starch 25.00 
??? Soybean oil 4.00 
1?????? Vitamin premix 0.44 
氯化胆碱 Choline chloride 0.11 
2?????? Mineral premix 5.00 
??? Cellulose 4.45 
???? Sodium alginate 1.00 
?????? Carboxymethyl cellulose 2.00 
????? Cr2O3 1.00 
?????? Chemical composition (% in dry matter)  
??? Crude protein 38.01 
??? Crude lipid 9.41 
?? Gross energy(kJ/g in dry matter) 17.02 
?: 1. ?????? (mg/kg diet, NRC, 1993): ???, 20; ???, 20; ??? B6, 20; ??? B12, 2; ??, 5; ???, 50; ?
?, 100; ??, 100; ???, 5; ??, 3226; ??? A (ROVIMIX A-1000), 110; ??? D3, 20; ??? E, 100; ??? K3, 10; 2. ??
?????????? (mg/kg diet, H440): NaCl, 500; MgSO4·7H2O, 7500; NaH2PO4·2H2O, 12500; KH2PO4, 16000; Ca(H2PO4)·2H2O, 10000; 
FeSO4, 1250; C6H10CaO6·5H2O, 1750; ZnSO4·7H2O, 176.5; MnSO4·4H2O, 81; CuSO4·5H2O, 15.5; CoSO4·6H2O, 0.5; KI, 1.5, ??, 225 
Note: 1. Vitamin premix (mg/kg diet, NRC, 1993): thiamin, 20; riboflavin, 20; pyridoxine, 20; cyanocobalamine, 2; folic acid, 5; calcium pa-
totheniate, 50; inositol, 100; niacin, 100; biotin, 5; starch, 3226; vitamin A (ROVIMIX A-1000), 110; vitamin D3, 20; vitamin E, 100; vitamin K3, 10; 
2. Mineral premix (mg/kg diet, H440): NaCl, 500; MgSO4·7H2O, 7500; NaH2PO4·2H2O, 12500; KH2PO4, 16000; Ca(H2PO4)·2H2O,10000; FeSO4, 
1250; C6H10CaO6·5H2O, 1750; ZnSO4·7H2O,176.5; MnSO4·4H2O, 81; CuSO4·5H2O, 15.5; CoSO4·6H2O, 0.5; KI, 1.5; starch, 225 
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L?????(?? 150 cm×120 cm)??? 1???
???????? 2W, ???????????
??(???? 1)??????, ????? 24h, ?
?????????????(????? 122.3 g)
???? 15 ????, ?? 6 ?, ???????
??????? 5????, ?? 3???, ???
??????? 1 ???(?? 1—5)??????
????, ????? 9: 30? 16: 00??????
??????(?????????, ??????
???), 1W ?? 7d, ???? 56d??????, 
?????? 1d????????, ??????? 
1.4  ???? 
????? , ????? 5 ??? MS-222 
(Sigma, ??)???????, ????????
? 1.5 mL????, ???????? 3000 r/min
?? 15min ?????, ?????????, ?
???, ??? 3 ? 0.5 mL ???, ??? 4℃?
?(?????????????????????
?????????????????, ????
2d???)?5????????????????, 
?? 2 ???????????(????)???
??????????; ???????????
???????????????, ??????
???? 5 ?????????, ???????
????????? 
1.5  ???????? 
????????????????????
??????[15]???????: ???? 105℃
?????, ???????; ????? FOSS 
???(2300 Kjeltec Analyzer Unit)??; ????
??????(Soxtec system HT6, Tecator, Hoganas, 
Sweden)????; ??????? 550℃?? 3h, 
?????? 
??????(TC)????????????
????????????????(GPT)????
??(GOT)??????(GOT)????????
(SOD)???????????????????
???????? ELISA????????????
?????, ????????????????? 
????????????????????
??????????????????????
??AFB1???????: ? 5 g???? 125 mL
??????, ?? 40 mL ?????(55?45)?  
15 mL???(??? 60?90℃), ????? 150 r/min
?? 30min, ????????????? 25 mL
???????? 125 mL?????, ?? 25 mL 
CHCl3, ?? 2min, ????(?????????
??????), ?? CHCl3?, ?????? 5 mL 
CHCl3 ??????, ??????, ?????
?? CHCl3 ?????????, ???????
?????? 65℃???????????? 2.0 mL 
(0.8?0.7?0.5 mL)? 20%??-PBS(20: 80)????
?????, ?? 5 mL???????, ????
AFB1???, 4℃??? 
1.6  ???? 
?????(SGR)????(FR)?????(FE)
??????????:  
SGR (%/d)=100×(Ln W2−Ln W1)?t,  
FR (%BW/d) =100×I/[(W1+W2)/2]/t,  
FE (%)=100×(W2−W1)/I,  
??, W1?W2??????????????; t?
???? ; I ???????????????
Statistica 6.0?????????????????
??(One-way ANOVA)?, ? Duncan’s ????
??, ??????????????, ????
?? 0.05??????????????????
?? AFB1????????????????? 
2  ?? 
2.1  ?? AFB1???????????????
??????? 
????????, ???????????
???????, ???????? 100%????
???, ????????, ??????????
?????????????? 2 ??, ????
?????????????????????
(P>0.05)??? AFB1????????? FR ??
???(P>0.05)????? AFB1?????, ??
???? SGR ? FE ???????, ?????
??????????(P>0.05)? 
2.2  ??AFB1???????????????? 
? 3 ??????? AFB1????????
???????????????????????
?????????????????? AFB1??
820 ? ? ? ? ? ? 36? 
 
??????????????????????
???????????????????(P>0.05)?
50 μg/kg?????????????? 500 μg/kg
?(P<0.05), ?????????????(P>0.05)? 
2.3  ?? AFB1???????????????
????? 
? 56d??AFB1???????, ?????
??????, ???????????????, 
???????????; ?????????; ?
????????????????????? , 
???????? 
??????????, ?????????
???, ?????????????????, ?
?????????, ????????????
????(???)? 
2.4  ?? AFB1????????????????
?? AFB1????? 
?????????????????? AFB1
??(? 4)???? AFB1??????? AFB1?
??????? (P<0.05), ???????(? 1); 
?? AFB1?50 μg/kg???????? AFB1??
>5 μg/kg???????? AFB1???<0.5 μg/kg, 
?????????(P >0.05)??????? AFB1
???<5 μg/kg; ?? AFB1?50 μg/kg?????
?? AFB1????????(P<0.05), ?????
???????(P >0.05)? 
 
表 2  各实验组异育银鲫初始体重、终末体重、摄食率(FR)、特定生长率(SGR)和饲料效率(FE)(平均值±标准误) 
Tab. 2  Initial body weight, final body weight, feeding rate (FR), specific growth rate (SGR), feed efficiency (FE) of gibel carp (mean±SE) 
?? AFB1??? 
Supplemented AFB1 
(μg/kg diet) 
???? 
Initial body weight 
(g) 
???? 
Final body weight 
(g) 
??? 
FR 
(%BW/d) 
????? SGR 
(%/d) 
???? 
FE 
(%) 
0 123.6±0.3 153.2±3.5 1.32±0.01 0.40±0.04 31.38±2.81 
5 123.5±0.6 155.1±1.7 1.34±0.01 0.42±0.03 32.68±2.11 
20 123.6±0.7 155.3±1.0 1.34±0.04 0.42±0.02 32.69±1.02 
50 123.7±0.6 156.5±0.9 1.32±0.00 0.44±0.02 34.19±1.49 
500 123.4±0.2 158.2±2.6 1.33±0.02 0.46±0.03 35.76±2.40 
?: ??????????????????????? (P<0.05); ?? 
Note: Different superscript letters within each column represent significant differences (P < 0.05); the same bellow 
 
表 3  饲料 AFB1 水平对异育银鲫血清胆固醇(TC)含量、谷丙转氨酶(GPT)、 谷草转氨酶(GOT)和碱性磷酸酶(AKP)、超氧化物歧化
酶(SOD)活性的影响(平均值±标准误) 
Tab. 3  Effect of dietary AFB1 on serum total cholesterol (TC), activities of glutamic-pyruvic transaminase (GPT), glutamic-oxalacetic 
transaminase (GOT), alkaline phosphatase (AKP), superoxide dismutase (SOD) of gibel carp (mean±SE) 
?? AFB1??? 
Supplemented AFB1 (μg/kg diet) 
?? 
TC mg/dl 
?? GPT 
U/mL 
?? GOT 
U/mL 
?? AKP 
????/dl 
?? SOD 
U/mL 
0 480±37 13.6±1.0 35.1±6.9 4.26±0.28 206.1±7.5ab 
5 503±38 11.8±0.3 33.8±4.2 4.52±0.71 201.6±10.3ab 
20 454±23 13.1±1.3 41.0±6.8 4.73±0.97 202.1±14.8ab 
50 534±24 12.4±0.7 43.9±1.7 4.77±0.65 223.1±6.4b 
500 473±27 12.4±0.3 37.4±3.6 4.70±0.44 186.9±3.6a 
 
表 4  饲料中 AFB1 水平对异育银鲫肝胰脏、肌肉、性腺 AFB1 积累(μg/kg 湿重)的影响(平均值±标准误) 
Tab. 4  Effect of dietary AFB1 on AFB1 accumulation (μg/kg wet weight) in hepatopancreas, muscle and gonad of gibel carp (mean± SE) 
?? AFB1??? 
Supplemented AFB1 (μg/kg diet) 
?? AFB1?? 
AFB1 accumulation in hepatopancreas 
?? AFB1?? 
AFB1 accumulation in muscle 
?? AFB1?? 
AFB1 accumulation in gonad
0 1.10±0.50a 0.46±0.00 1.48±0.38a 
5 1.86±0.05ab 0.32±0.08 1.75±0.08ab 
20 3.11±0.70b 0.32±0.09 2.03±0.02ab 
50 5.03±0.16c 0.29±0.03 2.20±0.10b 
500 5.74±0.34c 0.46±0.01 2.29±0.06b 
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? 1  ???????????? AFB1??(μg/kg ??)??
?? AFB1(μg/kg)??? 
Fig. 1  Relationship between AFB1 accumulation in hepatopan-
creas (μg/kg wet weight) and AFB1 in diets (μg/kg) at the end of the 
experiment 
 
3  ?? 
Santacroce, et al.[16]?? AFB1???????
??????????????????????
??????????????????, ???
?????? AFB1 ????????Chávez- 
Sánchez, et al. [17]???? AFB1??? 30 mg/kg?
?????????Deng, et al. [18]????? AFB1
?1641 μg/kg 20W ?????????????, 
??????????????????????, 
???? 85%?? [19]???????????
Ngethe, et al. [19]?????: AFB1???????
???????????????? AFB1 ???
??????, ???????????????
??[6, 7, 9, 14, 20]? 
Deng, et al. [18]?????????????
AFB1??????, ??????? AFB1???
??????Manning, et al. [21]?????????
12W????????????????????
????, ????????? AFB1500 μg/kg ?
????????????, ???? Han, et al. [11]
????????????? 
????????????????????
??? AFB1 ????????? I????(??
????? P450??? CYP450????????
? aflatoxin M1 (AFM1)?aflatoxin P1(AFP1)?aflatoxin 
Q1(AFQ1)????????: ?????????
????????, ? AFB1-8, 9-????(AFB-8, 
9-epoxide, AFBO)[22], ????????? , ??
??????????????????????
?, ????????????????[23]???
????????????????????, ?
????????????????????? , 
???????????, ??????????
??????????????????????
?????????????????????
Santacroce, et al. [16]?? AFB1?????????
?? , ?????????? , ??????? , 
??????, ?????, ??????????
??, AFB1?????????????????
??????????????????????
??? , ?????????? AFB1 ???500 
μg/kg?? 56d???????????, ????
?????????????????????
??????????????????[3, 11, 18], ?
????????? AFB1 ??????????
?? AFB1?????? 
??????????????????, ?
?????????????????????
???????????????????, ??
??????????????????????
??????????????(MDA)?????
??????????????????????
????[24]????????????, ????
SOD ???????, ????????????
? MDA ????????, ???????? 0.1 
mg/kg ??????????????????
??Rastogi, et al.[25]????(Rattus norvegicus)?
??? 2 mg AFB1/kg??? SOD???????
???????????, ????? AFB1 ??
??????? SOD????, ????????
?????????????? 
Coppock, et al. [26]????????????
?????, ???, ??????Egbunike[27]??
AFB1????????????????????
??, ???????????????????, 
?? AFB1? 500 μg/kg?? 56d????????
????????? 
?????????????? AFB1 ???
??[29—31], ?????????????????
?, AFB1??????????????????
?????, ??????????? AFB1 ??, 
822 ? ? ? ? ? ? 36? 
 
??????????? AFB1 ????????
???????[32]??? AFB1 ????????
????????, ???????????, ?
???????????? Chen, et al. [33]????
?, ??????? 3380 μg/kg ????????
35d?, ??????????????? 2.6 μg/kg, 
???? 0.11 μg/kg, ???????? 0.09 μg/kg
????Deng, et al. [18]???????? AFB11641 
μg/kg15W?????????? 24 μg/kg, ???
??????????? Plakas, et al. [34]??, AFB1
??????????????????, ???
??????????Oliveira, et al. [35]?????
? 0?100?300?500 μg/kg AFB1, ?? 500 μg/kg
??????????? AFB1 ???, ????
0.05?0.16 μg/kg??, ???? 0.10 μg/kg, AFB1 
????????????? 5000?1, ????
????? AFB1????????????, ??
??????? AFB1 500 μg/kg ???? 56d ?, 
?????? AFB1??????? 0.46 μg/kg ?
2.29 μg/kg, AFB1 ??????????????
?????? 1086?1? 218?1????????
?AFB1??????? FDA?????????, 
???? AFB1?50 μg /kg ??????????
?? AFB1?????????????, ????
?????? 20 μg/kg????????????, 
??????????????????????
??????  
4  ?? 
???????????AFB1??? 500 μg/kg
??(???: 454.07 μg/kg??)56d, ???????
??????????????????????
???? AFB1??????? AFB1??????
?? AFB1?50 μg/kg ????????????
AFB1????????????????????
???????? FDA????????? 
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GROWTH AND AFLATOXIN B1 ACCUMULATION OF GIBEL CARP ADULT FED 
WITH DIETS OF DIFFERENT LEVELS OF AFLATOXIN B1 
HUANG Ying1, 2, ZHU Xiao-Ming1, HAN Dong1, YANG Yun-Xia1, JIN Jun-Yan1, 
LI Hai-Yan1, CHEN Yi-Feng1,3 and XIE Shou-Qi1 
(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences,  
Wuhan 430072, China; 2. Fujian Agriculture and Forestry University, Fuzhou 350002, China;  
3. Laboratory of Biological Invasion and Adaptive Evolution, Wuhan 430072, China) 
Abstract: A 56-day feeding trial was conducted to evaluate the effect of dietary aflatoxin B1 (AFB1) on growth, 
physiological responses, histological changes, and accumulation in gibel carp (Carassius auratus gibelio) adult. Tripli-
cate groups of gibel carp [(122.3 ± 0.7) g] were fed with five semi-purified diets (Diet 1 to 5) containing0, 5, 20, 50 and 
500 μg/kg AFB (determined level was 2.59, 4.12, 12.39, 46.23 and 454.07 μg AFB1/kg diet, respectively). During the 
experiment, photoperiod was 12D?12L with the light period from 09:00 to 21:00, dissolved oxygen was above 6 mg/L, 
ammonia-N was less than 0.4 mg/L and pH was about 6.8. The results showed that during the 56-day of AFB1 exposure, 
no external changes and unusual behavior were observed in the fish fed with various levels of AFB1. The survival rate in 
all groups attained 100%. There was no significant difference in final body weight, feeding rate (FR), specific growth 
rate (SGR) and feed efficiency (FE) between the control and the other groups. Fish fed with various levels of AFB1 
showed no significant differences in total cholesterol, activities of serum alanine aminotransferase (ALT), asparitic 
aminotransferase (AST), alkaline phosphatase (ALP) and superoxide dismutase (SOD) compared to the control group. 
No significant histological lesions in hepatopancreasand ovary were identified between the control and increasing AFB1 
treatments. Low AFB1 residues were found in muscles and ovary, and were below the safety limitation of 5 μg/kg. Ac-
cumulation of AFB1 in hepatopancreas was logarithmically correlated to the dietary AFB1 level. Our results indicated 
that gibel carp was a less susceptible species to AFB1 exposure up to approximately 500 μg/kg diet (determined level 
was 454.07 μg/kg diet), at least for 56 days. 
 
Key words: Aflatoxin B1; Carassius auratus gibelio; Growth; Accumulation 
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图版? Plate? 
???????(a), ??2(b), ??3(c), ??4(d), ??5(e)56d????????????????(H&E, ???50 μm); ????
???(f), ??2(g), ??3(h), ??4(i), ??5 (j)56d???????????????(H&E, ???100 μm) 
Hepatopancreas of gibel carp fed with the control diet (a), Diet 2 (b), Diet 3 (c), Diet 4(d), Diet 5 (e) for 56d (H&E, Bar = 50 μm); Ovary of 
gibel carp fed with the control diet (f), Diet 2 (j), Diet 3 (h), Diet 4(i), Diet 5 (j) for 56d (H&E, Bar = 100 μm) 
 
